Recombination rate is a heritable quantitative trait that evolves despite the fundamentally 3 conserved role that recombination plays in meiosis. Differences in recombination rate can alter 4 the landscape of the genome and the genetic diversity of populations. Yet our understanding of 5 the genetic basis of recombination rate evolution in nature remains limited. We used wild house 6 mice (Mus musculus domesticus) from Gough Island (GI), which diverged recently from their 7 mainland counterparts, to characterize the genetics of recombination rate evolution. We inter-F 2 variation in this trait, the strongest of which had effects that opposed the direction of the 1 2 parental trait differences. Candidate genes and mutations for these QTL were identified by that genome-wide recombination rate divergence is not directional and its evolution within and 1 6 between subspecies proceeds from distinct genetic loci.
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spermatocytes from 240 F 2 males. We identified 4 quantitative trait loci (QTL) responsible for 1 1 inter-F 2 variation in this trait, the strongest of which had effects that opposed the direction of the 1 2 parental trait differences. Candidate genes and mutations for these QTL were identified by 1 3 overlapping the detected intervals with whole-genome sequencing data and publicly available 1 4 transcriptomic profiles from spermatocytes. Combined with existing studies, our findings suggest 1 5 that genome-wide recombination rate divergence is not directional and its evolution within and 1 6 between subspecies proceeds from distinct genetic loci. parameter, and θ is the power parameter that characterizes the mean-variance relationship. We departure from the modeled mean-dependent variance. We performed Haley-Knott regression to replicates. Candidate genes and parental sequences
We overlapped multiple types of data to identify candidate genes under QTL peaks suggest that most transcripts involved in meiotic recombination are expressed before mid-
pachytene, the point when transcription switches to spermiogenesis-related genes (Fallahi et al.
4
2010; Margolin et al. 2014; Cruz et al. 2016; Ball et al. 2016 to their poor annotation across databases.
3 4
Variants in the GI parents were identified by whole-genome sequencing at an average of crossover number variance toward the GI parent. Candidate genes for genome-wide recombination rate evolution
Using knowledge of temporal expression patterns and gene ontology terms (see
Methods), we identified a total of 590 candidate genes under the detected QTL peaks on 3 3 6 chromosomes 5, 6, 10, and 14. To prioritize this list, we examined the SNP and short indel File S1-S4). Here, we focus on the most compelling candidates: those genes with a 3 4 0 recombination-associated GO term that contain a variant conferring a change to either a 3 4 1 nonsynonymous site or a transcription factor binding site. We identified strong candidate genes for QTL on chromosomes 5, 6, and 14 (Table 2) , including DNA helicases that mediate regulate the crossover/non-crossover decision (Reynolds et al. 2013; Qiao et al. 2014 ). While most genetic mapping studies feature parental lines with notable differences
between trait means, the absence of a large difference does not rule out the possibility of historic 3 4 9
divergence. In this study, the genome-wide recombination rate showed transgressive segregation
and was linked to multiple QTL. Not only were QTL alleles with antagonistic effects harbored in complementary QTL effects in all three studies that have mapped QTL for genome-wide Furthermore, in both cases in which only wild-derived mice were used (this study and Dumont an antagonistic genetic architecture may be a common feature of genome-wide recombination 3 6 0 rate evolution (at least in mice).
The distribution of QTL effects can be used to draw inferences about the role of natural scenarios that invoke consistent directional selection on the genome-wide recombination rate. The proposal that recombination rate may evolve in response to rapid shifts in the selective genome-wide recombination rate evolution seems strong (Ritz et al. 2017 ). Meiotic requirements 3 7 2 appear to set a lower limit based on the increased risk of aneuploidy in crossover-deficient direction of selection on recombination rate has shifted over time is less explored. Meiotic
constraints may evolve as chromosome structure changes, shifting the acceptable bounds for
genome-wide recombination rate (Borodin et al. 2008; Dumont 2016 We detected fewer QTL, an outcome potentially explained by the much higher phenotypic x WSB/EiJ is also notable because the X chromosome has been repeatedly linked to genome- raises the possibility that a shared locus reduces recombination rate in GI and C57BL/6J. The Dumont and Payseur (2011a) suggests that different loci are responsible for recombination rate 3 9 5 evolution within and between subspecies. Nevertheless, our list of candidate genes supports the
notion that the number of loci contributing to natural variation in recombination rate is limited. Our most promising candidates include Rnf212, Rec8, and Ccnb1ip1 (Hei10), genes that have been linked to variation in recombination rate within multiple mammalian species (Kong et al. were not completely inbred, our observation that this QTL confers direction-specific effects Our experimental design provided a rare opportunity to characterize the genetics of individual using the MLH1 approach. We found significantly lower variation in genome-wide gamete consistency plays a role in the evolution of recombination rate. 2008 Recombination map of the common shrew, Sorex araneus (Eulipotyphla, Mammalia).
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